Introduction
Reproduction of most reptilian species occurs in the more favourable period of the year, usually spring, when gonads undergo development and secondary sexual characters develop (Angelini & Ghiara, 1984; Licht, 1984; Lofts, 1987) . Seasonal changes in the concentrations of circulating sex hormones have been reported for several species of reptiles (Tarn et ai, 1969; Callard et ai, 1976; Arslan et ai, 1978; Bourne & Seamark, 1978; Courty & Dufaure, 1979; Bona Gallo et ai, 1980; Mahmoud et ai, 1985; Bradshaw et ai, 1988) . These changes parallel those in size and histology of the testis and accessory sexual organs. In Podareis s. siculo, a lizard inhabiting northern temperate zones, a sexual annual cycle has been reported which is characterized by the following phases. (1) In the middle of March, after emergence from winter shelters, there is a marked reactivation of spermatogenesis with intense spermiation (prénuptial type) coupled to development of secondary sexual characters. Mating occurs in spring. (2) In late June, when mean temperature is still favour¬ able, a refractory period occurs, inducing a complete block of spermatogenesis, and the regression of secondary sexual characters. (3) In September, a decrease in the intensity of the refractoriness allows partial revival of spermatogenesis, but not spermiation. Secondary sexual characters do not develop. (4) In late November until February, spermatogenesis ceases since the mean environmental temperature has become too cold and the lizards semi-hibernate (Angelini et ai, 1976 (Angelini et ai, , 1986 Arslan et ai, 1978; Angelini & Ghiara, 1984) . Changes in plasma sex hormone values have been only partly investigated for male Podareis s. siculo (Angelini et ai, 1986; Ciarcia et ai, 1986) , and data concerning the correlation between circulating concentrations of sex steroids and reproductive activity are still lacking. In the present study monthly determinations were made during the annual cycle of the plasma concentrations of several steroids, and castrated lizards were also studied to evaluate the contribution of adrenal androgen secretions (Rivarola et ai, 1968; Chester Jones, 1987; Kime, 1987) .
Materials and Methods
Animals. The animals (see Table 1 (Andò et ai, 1988a) , utilizing the antiserum ant-T-3-CMO-BSA (which cross-reacts 38-8% with 5ot-dihydrotestosterone, 6-4% with 5a-androstane-3a, 17ß-diol. 1 -6% with androstenedione, 1-6% with 5a-androstene-3ß,17ß-diol and~001 % with other steroids). The ether extract of 10 µ plasma (in the animals captured during the January-June period), and 20 µ plasma (for the animals captured during the July-December period) was submitted to paper chromatography at 22"C on Whatman No. 40 paper in the Bush A2 system, with reference labelled steroids on the side lines. The separation was required because the antiserum used cross-reacts about 40% with 5a-dihydrotestosterone. The zones of migration corresponding to testosterone and 5a-dihydrotestosterone were eluted with 5 ml methanol. After evaporation of the eluate to dryness, the residue was dissolved in 500 µ buffer for the testosterone assay (200 µ were taken for recovery evaluation and 100 µ in duplicate for RIA) and 320 µ buffer for the 5a-dihydrotestosterone assay (100 µ were taken for recovery evaluation and 100 µ in duplicate for RIA). Then 100 µ of a 1:7000 diluted antiserum containing 22 000 d.p.m. of the corresponding Hsteroid were added to standards and unknowns, and, after standing overnight at 4°C, the bound steroid was separated by Dextran-coated charcoal from the free fraction. The percentage recovery of labelled steroids added was 52-0 + 21% for testosterone and 55-5 ± 3-2% for 5a-dihydrotestosterone. The sensitivity was lOpg/tube for both steroids. The water blank was 9 pg/tube for testosterone and 8 pg/tube for dihydrotestosterone. The intra-and inter-assay coefficients of variation were 9-3 and 12% for testosterone and 8 and 13% for 5a-dihydrotestosterone, respectively.
Combined RIA of dehydroepiandrosterone and androstenedione. Dehydroepiandrosterone and androstenedione were determined in the same plasma sample after extraction by an RIA method (Andò et ai, 1988a) , utilizing a rabbit antiserum to DHEA-I7-CMO-BSA (which cross-reacts about 7-3% with 5a-androstene-3ß,17ß-diol. 4 1% with pregnenolone, 01% with 17a-hydroxypregnenolone and androstenedione, and~001% with other steroids) and a rabbit antiserum to A-11-a-HS-BSA (which cross-reacts about 16-4% with 5a-androstenedione, 3-7% with 5ß-androstenedione, 0-3% with testosterone and~0-0I% with other steroids). The diluted antiserum used was 1:6000 for dehydroepiandrosterone and 1:5000 for androstenedione. The ether extract of 10µ1 (for the animals captured during the January-June period) and of 20 µ (for the animals captured during the June-December period) was purified by paper chromatography at 22°C on Whatman No. 40 paper in a Bush A2 system with labelled reference steroids in the side lines. The zones of migration corresponding to dehydroepiandrosterone and androstenedione were eluted with 5 ml methanol. After evaporation to dryness the residue was dissolved in 500 µ for both steroids (200 µ were taken for recovery evaluation and 100 µ in duplicate for RIA). The percentage recovery of the labelled steroids added was 50 + 3-2% for dihydroepiandrosterone and 61 -6 + 2% for androstenedione. The sensitivity was 15 pg/tube for dehydroepiandrosterone and 10 pg/tube for androstenedione. The water blank varied between 10 and 28 pg/tube for dehydroepiandrosterone and was 8 + 11 pg/tube for androstenedione. The intra-assay coefficients of variation for dehydroepiandrosterone and androstenedione were 11% and 8% respectively. The interassay coefficients of variation were respectively 13-8% and 12%.
Combined RIA of progesterone and 17-hydroxyprogesterone. Progesterone and 17-hydroxyprogesterone were measured in the same plasma sample (20 µ and 40 µ plasma, respectively). The plasma extract was chromatographed on a Sephadex LH-20 column, at room temperature, to separate the two steroids (Andò et ai, 1984) . The following antisera were respectively used for RIA determination: a rabbit antiserum to P-l --3-CMO-BSA (which cross-reacts about 55-3% with 1 la-hydroxyprogesterone, 12-2% with 20a-dihydroprogesterone, 5-5% with desoxycorticosterone, 0-2% with 17-hydroxyprogesterone and~001% with other steroids); a rabbit antiserum to 17-OH-P 3-CMO-BSA (which cross-reacts about 5-6% with progesterone, 0-2% with 14a-hydroxyprogesterone and~001 % with other steroids). The diluted antiserum used was 1:2000 for progesterone and 1:5000 for 17-hydroxyprogesterone. The percent¬ age recovery ofthe labelled steroids added was 70 + 3% for progesterone and 68 1 ± 2-5% for 17-hydroxyprogesterone. Assay sensitivities were 10 pg/tube for progesterone and 18 pg/tube for 17-hydroxyprogesterone. The water blank was 15 pg/tube for progesterone and 8-3 pg/tube for 17-hydroxyprogesterone. The intra-assay coefficients of variation were 7% for progesterone and 10% for 17-hydroxyprogesterone; the interassay coefficients were 8-5% and 13% respectively.
RIA of oestradiol. Oestradiol concentrations in plasma were determined by RIA after column chromatography on Sephadex LH-20 at room temperature (20 µ plasma), as described previously (Verdonck & Vermeulen, 1974) , utiliz¬ ing rabbit antiserum to oestradiol-17ß-6-CMO-BSA (which cross-reacts about 21-9% with 17ß-oestradiol 3-methyl ester, 6% with oestrone, 3-8% with oestrone 3-methyl ester, 0-2% with oestriol and~001% with other steroids). The dilution of antiserum used was 1:4000. The percentage recovery ofthe labelled steroid added was 64-3 ± 7-8%. The sensitivity of the assay was 10 pg/tube. The water blank was 10 pg/tube. The intra-and inter-assay coefficients of variation were, respectively, 12 and 16%.
Statistical analysis. Statistical analysis was performed by a non-parametric test, the Wilcoxon rank sum test (White, 1952) .
Results
The annual pattern of spermatogenesis and of epididymal development, assessed by histological examination of testis and epididymides, was consistent in the timing of the various phases pre¬ viously reported for the same species (Angelini et ai, 1976) . There was no apparent correlation between testicular weight and body weight in the size range observed during the different periods of the reproductive cycle. The testicular/body weight ratio achieved the maximal value soon after the emergence from semihibernation contemporaneously with the return of spermatogenesis and development of sexual characters (epididymis) (Angelini & Ghiara 1984) (Table 1 ). In the same period, testosterone achieved a peak level with a mean value of 174-2 ng/ml. After the mating period there was a sharp fall in testosterone plasma values until the next January (Fig. 1) (December) (Fig. 2) . In castrated lizards, testosterone, to a great extent, androstenedione and 5a-dihydrotestosterone decreased markedly in the three periods chosen for our investigation. After castration in March, however, plasma concentrations of testosterone and androstenedione persisted more conspicuously than in the other two periods (Fig. 2) .
In intact animals progesterone increased from March and in July its peak value (8-56 ng/ml), was concomitant with that of oestradiol when refractoriness set in (Fig. 3) . The 17-hydroxypro¬ gesterone concentrations increased in late autumn and early winter (Fig. 3) .
Discussion
The plasma hormone profile in the lizard, Podareis s. siculo, reveals that testosterone achieves a peak level in the early spring. This peak, although with a large range of variations, is substantially higher than that reported for other reptilian species (7-4 ng/ml in Chrysemys pietà, 32-5 ng 17-hydroxysteroids/ml in Tiliqua rugosa, 22-4 ng/ml in Uromastyx hardwicki, 6-2 ng/ml in Naja naja (Callard et ai, 1976; Arslan et ai, 1978; Bourne & Seamark, 1978; Bona Gallo et ai, 1980) , but lower than that observed in the viviparous lizard, Lacerta vivipara (445-2 ng/ml) (Courty & Dufaure, 1979 (Vermeulen, 1973) . The marked decrease of testoster¬ one, 3 weeks after castration, demonstrates that the main testicular androgen produced by the testis of Podareis s. siculo is testosterone. This finding is consistent with observations of other reptilian species (see Licht, 1984; Lofts, 1987 , for review; Arslan et ai, 1978; Hews & Kime, 1978; Bourne et ai, 1986; Callard & Kleis, 1987) . However, the effect of castration on circulating levels of andro¬ gens depends on the period of the year. The lizards castrated during the time of seasonal reacti¬ vation of the gonads (March) in fact had conspicuous amounts of testosterone and androstene¬ dione in the plasma. Although seasonal differences in hormone clearance rates could explain the latter finding, an adrenal contribution to androgen circulating levels cannot be ruled out. In mammals it is well documented that testosterone and androstenedione are secreted by the adrenals (Bardin & Peterson, 1967) . It has been reported that both steroids increase in the plasma during the period after castration (Andò et ai, 1986 (Andò et ai, , 1988b . Gonadal steroid administration can modulate adrenal androgen secretion in castrated animals (Andò et ai, 1988b (Andò et ai, , 1989 The above results suggest that, in the winter period, the 5a metabolic pathway is mainly active for testicular androgen biosynthesis. This suggestion is supported by previous data concerning the annual variations of testicular A5-3ß-hydroxysteroid dehydrogenase in Lacerta vivipara; using histoenzymological and morphological criteria, the enzyme activity was reported to be lower during the post-reproductive period (Courty & Dufaure, 1979 . This enzymic cycle resembles those of closely related species (Measure, 1968; Licht et ai, 1969; Morat, 1969; Licht, 1984) .
Androstenedione has been reported to be a critical intermediate between testosterone and oestrogen formation (Pierrepoint et ai, 1966; Payne et ai, 1976) . Therefore, the increased andros¬ tenedione concentrations found in Podareis s. siculo could contribute to the increased oestradiol values in the post-reproductive phase, following the same pathway which usually operates in mammalian tissue (van der Molen & Rommerts, 1981; Martini, 1982) . Oestradiol has been detected in the plasma of males of several lower vertebrate species, including the water frog, Rana esculenta (Polzonetti-Magniera/., 1984) , and the lizards, Podareis s. siculo (Ciarcia et ai, 1986) and Chalcides ocellatus (Angelini et ai, 1987) . In these species the oestradiol plasma concentration progressively rises in spring as breeding proceeds and usually peaks in summer when reproduction is over. It is well documented that oestradiol exerts an antigonadal effect in Podareis s. siculo males. If injected into mature males it induces a dramatic regression of interstitial testicular tissue, an impairment of spermatogenesis and epididymal atrophy (Botte & Del Rio, 1967) . This steroid could, therefore, exert a systemic negative feed-back on the hypothalamic-pituitary axis, resulting in an inhibitory effect on gonadotrophin secretion (Angelini et ai, 1986) and/or a local action on endocrine tissues by inhibitory regulation of some enzymes involved in steroid biosynthesis (Botte & Del Rio, 1967; Oshima et ai, 1967; Mulder et ai, 1974) . Indeed, the progressive increase of progesterone, as well as ofthe progesterone/17-hydroxyprogesterone ratio, simultaneously with that of oestradiol in the plasma probably reflects some impairment of 17a-hydroxylase activity in endocrine tissues (Samuels et ai, 1967 (Samuels et ai, , 1969 
